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Health Management DefinitionsHealth Management Definitions

Data: Basic Measured Characteristics

Information (Features): Useable (Actionable) Knowledge Derived from Data

Diagnostics: Current Condition of Component/System to Perform Function via Sensing

Prognostics: Future Ability of Component/System to Perform Function via Reasoning

Degradation: Slow Loss of Health Over Time

Fault: Rapid/Abrupt Loss of Health Due To An Event

Failure: Termination of Degradation/Fault Condition

Detection: Basic Identification of Occurrence Symptoms of Degradation/Fault

Isolation: Resolving of Health Degradation/Fault to Specific Component(s)

Monitoring: Observation/Measurement of Component/System Health

Management: Proactive Capability to Make Decisions About Component/System Health
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Many Different Perspectives

Drivers for Health ManagementDrivers for Health Management

Line Maintainer Perspective
− Wiring Diagnostics

− Event Troubleshooting

− Borescope Inspection

− Vibration Survey / Trim Balance

− Lubrication System Inspections

− Oil Consumption Monitoring

− Filter Inspections / Troubleshooting
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Fleet Manager Perspective
− Avoid Engine Damaging Events

− Faster Troubleshooting 

− Accurately Identify Line Replaceable Units

− Improve Shop Planning

− Limit High Power Troubleshooting Ground Runs

− Smaller Rotating / Spare Engine Inventory
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Logistics Manager Perspective
− Maintenance Cost

− Support Personnel

− Unit Level Part Consumption

− Sustaining Support

− Indirect Support / Shop Operations

:
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There Is No “One-Size Fits All” Solution

• System Requirements Vary for Different Engines/Aircraft

• Various Customers Will Have Different Needs

• OEM Customer: Fleet Management Plans

Not A Decision Between On-Board vs Off-Board

• Need Both On and Off-Board Capabilities

• Determine “Where Best To Do What” for Each Application

Data Flow Drives Need for Vehicle Integration

• Need Means to Get Data to Maintainer / Fleet Managers

• Unified Vehicle Data Transfer System Offers Benefit

Putting Together the “Puzzle”

Integrated Health ManagementIntegrated Health Management
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Many Options: Key is Finding Right Mix of On and Off Board Capabilities

Integrated Health ManagementIntegrated Health Management

ON-BOARD/ON-GROUND
Features
Estimated Usage
Directed Maintenance
Configuration Management

OFF-BOARD/ON-GROUND
Features
Life Remaining
Availability
Spares/Work Forecast
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Kalman Filter Observer

Calculates changes in
Module Performance to
drive residual to zero

Measured Parameters:
Speeds, Pressures,
Temperatures, etc

Residual represents
difference between Model
simulated data and
measured data

Tuners represent changes in Module Performance, i.e.
Δ efficiencies and flow parameters indicative of
deterioration, component damage and/or build
variations.

Tuners update Model
to account for observed
differences (residuals)

State Variable Model
Engine inputs, 
Wf, Bleed Cmds, etc

Simulated Parameters:
Speeds, Pressures,
Temperatures, etc

SVM
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Self Tuning On-board Real-time Model

Health Management Capabilities

Gaspath Performance Monitoring
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Trained Artificial Neural Net (ANN) estimates the
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and adjust the estimated parameters accordingly
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Anomaly Detection: Identify Differences from “Normal”
• Provides Trigger to Capture Real-Time Data for Subsequent Off-Board Analysis
• Additional Data to Support Fault Isolation
• Element of Long-Term Performance Deterioration Tracking

Causes for Anomalies :
• Physical Faults
• Operational Abnormalities
• Deterioration
• Flight Domain Excursions
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• Deterioration
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Health Management Capabilities

Gaspath Performance Monitoring
Anomaly Detection

STORM / eSTORM

+ +

Engine
Data

Normal

Anomalous

Data Stream

Compare and
Identify

Data Record

Performance
Trending

Fault Isolation

Trigger



Parameter Synthesis for Virtual Sensor
• Analytical Redundancy
• Airflows, Difficult to Measure Temperatures/Pressures, Thrust, etc.
• Sensor Substitution
• More Information from Fewer Sensors

Performance Deterioration Trending (Gas Path Analysis)
• Estimate Performance Shifts (e.g. Flow capacity, Efficiency, etc.)
• Input Errors (Stuck Bleeds, etc.)

Fault Detection
• Isolate In-Range Drifts / Failures

Reliability and Cost Benefits
• Early Warning of Component Degradation
• Dispatch and Cancellation Rate via In-Flight Notification
• Damage Avoidance

Control Adjustments for Deterioration
• Ratings Adjustments for Deterioration

Gaspath Performance Monitoring – Benefits

Health Management Capabilities



Mechanical Systems Monitoring

Typical Suite of Sensors
• Oil Temperature
• Fuel Temperature
• Oil Filter Pressure Drop: Filter Health
• Fuel Filter Pressure Drop: Filter Health
• Oil Pressure
• Oil Quantity: Oil Consumption

Sensors Available
• Oil Debris: Size/Rate of Particles in Oil
• Oil Condition: Thermal Degradation of Oil Itself
• Improved Oil Quantity/Level Sensing
• Gearbox Vibration (High Frequency)

Models:
• Select Fuel and Lube Elements

Algorithms Available
• Level and Rate Trending (Similar to Gaspath Analysis)
• Real-Time Vibration Analysis

Oil Debris
Monitor

Vibration
Monitoring

Oil Level
& Condition

Monitor

Health Management Capabilities



Structural Monitoring

Typical Suite of Sensors
• Vibration Level (by Aircraft)

Sensors Available
• Case Vibration Monitoring (by Engine)
• FOD/DOD Debris: Particle Monitoring
• Blade: Clearance and Passage Monitoring

Models:
• Structural Transfer Functions

– Measurement(s) to Component Condition

Algorithms Available
• Real-Time Vibration Analysis
• Component Life Usage / Life Remaining (Below)
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Removal and Shop
Visit Planning

On-Condition
Management

Diagnostics and
Prognostics

IsolationIsolation

Configuration andConfiguration and
Utilization TrackingUtilization Tracking

Modification StandardizationModification Standardization

TrendingTrending

Early WarningEarly Warning
DetectionDetection

Removal Planning / Event TrackingRemoval Planning / Event Tracking

Modification IncorporationModification IncorporationFleet Alert SummaryFleet Alert Summary
and Watchlistsand Watchlists

Shop Maintenance InstructionsShop Maintenance Instructions
PWxxxx Operator: xxx
PW4074 Shipped Configuration: Bare

8848:52 Engine Time Since Last Shop Visit (TSLV): 2048:03

7451 Engine Cycles Since Last Shop Visit (CSLV): 1734

Document Number:

Revision Date:

Oil Type: Mobil Jet Oil 254

Test As Received: No

Preservation Method: Method II 

Contract TAT Contract term 110 
days from receipt.

Next Shop Visit SMI- 

Planned O/H Location

Cheshire Other 

Requirements:

Photos Required. Fit Requirements. Oil Sample 

Analysis. Cleaning Requirement.

Engine Time Since New (TSN):

PW4000 112-Inch Fan Engine Maintenance Planning Guide

05-Oct-01

 4.  Life Limited Parts Summary (Optional - Provided Electronic 
Attachment of Data is accomplished)

 9. Last Shop Visit Information - Engine Test Results / MAP Results (Optional)

Test 9, Test as PW4077 and ship as PW4074.  Post test MAP analysis required.

Engine removed for high time to perform Heavy Maintenance.  

Expectations are to Heavy Maintenance the major modules so the engine can be returned to service for a full run interval of 7500 cycles or greater.  

Additionally reliability and durability mods are called out for incorporation per Worksheet "11. SB Requir

Hold material for review with FMP Representative

 5.  Engine and Module Time and Cycle Information (Optional -
Provided Electronic Attachment of Data is accomplished)

 3.  Known Shortages at Time of Shipment (Optional)

 1.  Summary and General Information

Shop Maintenance Instruction - P777xxx

Records Included

Scrap Material 
Requirements:

Engine Cycles Since New (CSN):

Summary and General Information

Shop Visit Expectations

All work performed in accordance with the following worksope specification

Engine Type:
Engine Serial Number:

Special Items

13. Service Bulletin Incorporation Status

12. Industry Item List from Production New (Optional)

11. Service Bulletin Incorporation Requirements
10. Engine and Module Basic Shop Requirements

Reason for Removal

 2.  Document Revision

Test 
Requirements:

16. Additional Requirements (Optional)

 7.  Airworthiness Directive / Alert SB Compliance Status
 6.  Engine Condition Monitoring Trends (Optional) 14. ETOPS Requirements (Optional)

15. Records Requirements

 8.  Last Shop Visit Information - Engine and Module Work      
(Optional)

Health Management Capabilities

Off-Board: Maintenance Support Tools



   Maintenance Costs
Troubleshooting Time

Advanced VibrationAnomaly Detection Real-time ModelsLife Usage

Oil/Fuel Filter Health
Oil System Press/Temps/Debris

Gas Path Press/Temps

Life Management

Reduced Improved

Cost of Ownership

Ground

Engine

Value

Performance & Trending Data Acquisition Exceedance Monitoring

Advanced Vibration Monitoring

Data Storage & Communications

Nose-To-Tail Fault Forwarding

On-Condition Fleet Mgmt

Fleet Watchlists

Shop Visit Optimization

Configuration./Utilization. Tracking

Life Extension

Prognostics, Trending, Alerting & IsolationFault Forwarding / Directed Maint.

Schedule Interruptions

UERs, D&Cs, IFSDs
Time on Wing
Forecasting

Aircraft &
Systems

Integrated PHM Architecture & Technology
Improves Value


